ChaJlges ill plasma potassium following modljied electrocOIIL'ztlsiL'c therapy <c'ere investigated lIsillg fOltr induction agent-relaxant combinatiolls. Small rises "icere found for three of the foltr regimes, but only methohexitone-suxamethoniltllt was associated "ieith a rise sigllificantly greater than that in the control group. There was 1/0 correlation between the c/zalzgcs in plasma potassium and the degree of modification of the sei;;uye. In no patiellt was a dangerous leL.'cl of hyperkalaemia foulld to oewr.
I~TlWDCCTlO:-J Depolarizing muscle relaxants are known to cause a release of potassium from voluntary muscle, causing a small rise in the plasma potassium (Paton 1956 ). This may be the result of ionic changes around the end-plate during depolarization (Evers, Racz and Dobkin 1969) or cell damage caused by asynchronously contracting muscle fibres (Roth and Wiithrich 1969) . Other factors known to cause a rise in the plasma potassium are acidaemia, hypoxia and sympathetic stimulation (List 1H67) , while patients with burns, tetanus, massive trauma, spinal or cerebral pathology and poorly controlled renal failure may develop dangerous hyperkalaemia following suxamethonium (Roth and Wiithrich 1969, Smith 1971) .
Severe muscular exercise has also been reported to cause a rise in plasma potassium (Kilbum 1966) . General anaesthesia and many induction agents, however, have been shown to depress potassium and the extent of the subsequent elevation following suxamethonium may depend on the induction agent (List 1967, Stovner, Endreson and Bjelke 1972) .
During modified electroconvulsive therapy several of these factors are present. Induction of anaesthesia and hyperventilation may tend to depress plasma potassium, while suxa-methonium and autonomic discharge may tend to elevate it. Hypoxia and respiratory acidaemia should be prevented by adequate assisted ventilation before and after the seizure, but a poorly modified seizure results in vigorous muscle contractions and a further possible rise of plasma potassium.
The aims of this investigation wen' :
(1) To determine if significant changes in plasma potassium occur following modified electroconvulsive therapy. (2) To compare the effects of different induction agent-relaxant combinations.
(3) To determine if plasma potassium changes were related to the degree of modification of the seizure.
METHOD
Plasma potassium changes and degree of seizure were studied in 40 consecutive cases receiving modified electroconvulsive therapy at the Royal Brisbane Hospital. Cases were divided into four groups of 10, according to the induction agent-relaxant regime shown in Table 1 .
The 10 cases in each regime were studied cons~cutively and the order of studying each regime was randomly selected. Doses of relaxant were based on equal amounts of active cation, namely 80 mg, rather than on equal potency. Patients were premedicated with either 0·6 mg atropine and ] 00-200 mg quinalbarbitone, or 0·6 mg atropine alone. Anaesthesia was induced with a sleep dose of the induction agent followed by the muscle relaxant. Before administration of the shock, patients were hyperventilated with 100 per cent oxygen by face-mask, and on completion of the seizure again ventilated with 100 per cent oxygen until the return of spontaneous respirations. Five ml samples of venous blood were withdrawn through an indwelling 21 gauge butterfly needle, from the arm opposite to that through which drugs !were administered, and collected in lithium heparin tubes. A tourniquet was avoided, if possible, during sampling, and the needle was flushed with saline before and after each sample. Samples were taken immediately prior to induction, one minute after the relaxant before the shock was administered, three minutes after the relaxant when the seizure was completed, and at seven and 15 minutes after the relaxant. Plasma potassium estimations were made on one in 50 dilutions by an E.E.L. flame photometer. Accuracy was to ±0'1 mMolj.l
The seizure was classified into three degrees :
(1) Greatest modification of the seizure, showing only pupil dilation, piloerection and flushing.
(2) Minimal clonic seizure.
(3) Least modification of seizure, showing a vigorous, generalized fit. Twenty controls were selected from patients having routine elective surgery, where no preexisting condition, likely to influence the plasma potassium, was present. These patients were randomly allocated to four groups of five, the induction agent-relaxant regimes being ~imilar to the treated groups (Table 1) . Procedure was identical to the treated cases, except that controls were maintained on nitrous oxide and oxygen in a 2 : 1 ratio to prevent awakening " 3.
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Sigmficant changcs from prcinduction level:
--Treated cases of Group 3 significantly different from control Group 3 at Vi minutcs (P<0·02). Treated cases of Group 3 signihcantly different from treated cases of other groups at 15 minutes:
Groups 3-2. P<O,O;).
Groups :J-4. P < 0·005.
Groups 3-1, P<0·02.
A 1Iaesthesia and liztl'llsiI'C Carc, ,',,/. 1 T, Xo. :2. J! av. 1.'17.t during the sampling period. During this period no other drugs were given, and the operative procedure was not started, unless it was of very short duration, and involved minimal stimulation. Samples of venous blood were collected in the same manner and at the same intervals as the treated cases, and plasma potassium estimations were made by the same technique. Results were analY3ed by unpaired t-tests and analysis of variance (Snedecor and Cochran 1967) .
RESULTS

Comparison of Treated Cases and (ontrols
(Table 2, Figure 1 ) Figure 1 compares mean changes in plasma potassium between treated and control cases in each group. Controls generally showed less change from pre-induction levels compared to treated cases, the only significant rise amongst the controls being in Group 2 at 15 minutes (P <0· 05). Of the treated cases, significant rises above pre-induction level were found in Group 1 at three minutes (P<0'025), Group 2 at three minutes and 15 minutes (P <0· 05), and in Group 3 at 15 minutes (P<O·OOl). Group 4 had no significant rises. There were 
3-Mett'Johexltone / Suxamethonium
-02 no significant differences between treated cases and their controls at any time, except in Group 3 at 15 minutes (P<0·02). (Table 2 ) Comparison of the treated cases of the four regimes shows Group 3 to have the highest mean rises above pre-induction level at all sampling times. However, Group 3 is significantly different only from Groups 1, 2 and 4 at 15 minutes (p < 0'02, 0 . 05 and 0 . 005 respectively).
Comparison of Induction Agent-Relaxant Regimes
There are no significant differences between Groups 1, 2 and 4 at any time. Anaesthesia and Intellsive Care, Vol. 11, No. 2, 111ay, 1974 Although Degree 1, the greatest modification of seizure, is consistently higher than Degree 3, there are no significant differences between the three degrees of seizure at any time. 03 ... __ ...... . 
Maximum Rises and A bsolute Levels
The highest plasma potassium levels in the series were 5·6 mMoljl and 5·3 mMoljl, both in the same patient on two separate occasions. This patient had a maximum rise above preinduction level of 1 mMoljl, whilst the greatest rise in the series was 1 ·1 mMoljl. the rise after the other three regimes. The rises in the other regimes showed no significant difference from their controls or from each other. These resuJt£ would suggest that while elevation of plasma potassium may occur following modified electroconvulsive therapy, only methohexitone-suxamethonium is associated with a rise greater than would be expected had no electroconvulsive therapy been given.
A number of induction agents have been shown to cause an initial fall of plasma potassium, but no significant differences between the agents have been found. However, the subsequent rise induced by suxamethonium is significantly greater when halothane is the induction agent, compared to thiopentone, propanidid, or diazepam (List 1967 , Stovner et al. 1972 ). Significant differences between thiopentone and methohexitone have previously been reported only by Haw (1972) . This difference was not seen between thiopentonesuxethonium and methohexitone-suxethonium, but may be due to the lesser degree of neuromuscular blockade achieved with 120 mg suxethonium, compared to 100 mg suxa- · .
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Significant changes: (1972) has found a significant elevation of plasma potassium after modified electroconvulsive therapy with methohexitone-suxamethonium but not with thiopentone-suxamethonium. In this study significant rises were found for both these regimes and 8lso for thiopentone-suxethonium.
DISCUSSION
Haw
At 15 minutes after methohexitone-suxamethonium the plasma potassium showed a highly significant rise from the mean pre-induction level; this rise differed significantly from that of the control and from methonium. This difference in blockade is demonstrated in Table 4 . Of 19 cases receiving 100 mg suxamethonium, 11 had 8 well modified seizure (Degree 1), suggesting adequate neuromuscular blcck, but of the 20 cases receiving 120 mg suxethonium only three had a well modified seizure, suggesting a lesser degree of block. A dose-related effect of depolarizing relaxant on plasma potassium has been demonstrated by Weintraub, Heisterkamp and Cooperman (1969) , and it may be that the difference between methohexitone and thio-pentone does not become apparent when small doses of depolarizing relaxant are used.
It had been anticipated that the vigorous muscle contractions of a poorly modified seizure might tend to elevate the pla.cma potassium in a manner similar to vigorous exercise during sport. Myoglobinaemia and haemoglobinuria, reflecting muscle cell damage, have been shown to occur after severe exercise (Eliot, Shafer and Gibas 1967, Streeton 1967) and Kilburn (1966) has demonstrated a raised plasma potassium as a result of intracellular acidosis in exercising muscle. As no significant difference was found between the three degrees of seizure, it seems unlikely that generalized muscle contractions during electroconvulsive therapy are a factor in elevating the plasma potassium, In fact, Figure 2 shows that the greatest rise in plasma potassium occurred in Degree 1, the most modified seizure, and although this is not significant there is an implication that the greater the degree of modification the greater is the rise in the plasma potassium, A larger :'eries to specifically examine this effeet might clarify the issue. It is concluded that while small rises in plasma potassium may occur following modified electroconvulsive therapy, dangerous hyperkalaemia is unlikely to result, Although methohexitonesuxamethonium has been shown to cause a greater rise than other regimes, the choice of induction agent-relaxant is probably not of great importance, Whilst depolarizing muscle relaxants should be avoided in the presence of burn>', spin,d cord pathology and other conclition~ associated with hyperkalaemia, in those patients with a plasma potassium in the upper range of normal, thiopentone would appear to be the induction agent of choice, followed by the minimum close of rela.xant necessary to modify the seizure and prevent injury to the patient.
